Abstract In the present work natural rubber (NR) latex and starch was added as an adhesive to synthesize the medium density fiber (MDF) board panels. The studies are aimed on increasing the mechanical and physical properties of MDF by using NR latex and starch as an adhesive. Three combinations which are 5 g of starch with 15 g of NR latex, 10 g starch with 10 g of NR latex and 15 g of starch with 5 g of NR latex were prepared and the results obtained were compared with the MDF prepared by using urea formaldehyde adhesive. Adhesive preparation trials, physico-chemical testing of adhesives and mechanical testing of adhesives bonded to MDF were done. The morphology of the specimens was characterized by using thermo gravimetric analysis (TGA) and fourier transform infrared spectroscopy. The mechanical testing results of MDF obtained from adhesive prepared using 5 g starch with 15 g NR latex shows higher mechanical strength in comparison to two other formulations. From the TGA graph, it was observed that the thermal stability of the MDF boards having higher starch percentage is higher in comparison to others. The results of this study indicated that starch can be used as a viable alternative binder with NR latex.
Introduction
A medium-density fiber board (MDF) is an engineered wood product, composed of fine lingo-cellulosic fibers combined with a synthetic resin and subjected to heat and pressure to form panels (Irle and Barbu 2010) . It is made up of separated fibers, but can be used as a building material similar in application to plywood and is stronger and tougher then particle board. Urea-formaldehyde resins are widely used in wood-composite industry for more than 100 years, as they have high reactivity and low cost (Roumeli et al. 2012) . Low water resistance and formaldehyde emission are their disadvantages from the wood panels, resulting from the low stability of the aminomethylene bond (Osemeahon and Barminas 2007) .
The main object of the modern composite industry is to solve these needs and produce effective adhesive with very low, if not zero, formaldehyde emissions. To deal with formaldehyde emission and low thermal stability problem, an alternative adhesive i.e., NR latex can be used.
Malaysia is one of the biggest producers of NR latex in the world. The total amount of production of latex in Malaysia in 2012 was 75,985 tonnes (Natural rubber statistics 2013). About 46 % of the total world's rubber is produced in Malaysia. NR latex is one of the natural adhesive extracted from latex from one kind of tree i.e. Hevea brasiliensis (Yuhazri et al. 2011) . Field latex, the feedstock material for NR latex that traditionally was sourced primarily in Malaysia and Thailand and is now available in several new regions around the world including India and China. Furthermore, NR latex is less expensive than most petroleum based synthetic products, whose cost continues to rise and fluctuates with the rising cost of crude oil. Today, there are over 40,000 commercially available products made from NR latex (Honeycutt et al. 2011) .
Starch is a natural polymer which possesses many unique properties (Abilash and Sivapragash 2013) . By combining the individual advantage of starch and synthetic polymers, starch based biodegradable polymers found to be potential due to the wide variety of available manufacturing process.
In Malaysia, most of the industries are making wood composites by using UF as an adhesive. This is not successful in market due to environmental issues and poor mechanical properties, regarding the usage of UF itself. Urea formaldehyde is carcinogenic in nature and is harmful to human, animal and environment (Naya and Nakanishi 2005) . In addition, UF is bronchial irritant and can trigger asthma and also connected to many multiple chemical sensitivity (MCS) . Therefore, the usage of UF must be reduced or virtually eliminated for safety purpose.
The goal of the present work was to synthesize the MDF boards composites based on NR latex and rice starch. It was also aimed to assess the effect of varying the proportion of these three components on the physicochemical and mechanical properties of composites, and the relationship between these mechanical properties and morphology in composites.
Materials and methods

Materials
The lignocellulosic material used for this study was fresh rubber wood (H. brasiliensis) fibers obtained from Robin Resources Sdn Bhd.
Natural Rubber Latex used for hybrids preparation is produced from H. Brasiliensis latex. The feature of latex is a milky liquid obtained by tapping the bark of Hevea trees itself. Natural Rubber Latex is produced from Chini, Pekan.
The Starch used in this experiment is rice starch. The moisture content in the starch is between 7.5 and 13.0 %. The pH value is below than 0.6. The starch was purchased from Permula Chemicals Sdn. Bhd. Gebeng, Kuantan. All the chemicals used in this experiment were of analytical grade.
Methods
Sample preparation
Formulation of the mixes (treatments) used for the respective mixes prepared are given in Table 1 .
Mixing of NR latex with starch
The starch used in this experiment was 70 % concentration, which was prepared by heating with hydrochloric acid (HCl) in ratio of 70:30 i.e., 70 % of starch mix with 30 % of HCl. The hybrids preparation is shown in below. All the samples was heated at 60°C and stirred until 15 min by using hot plate.
Sample A: 5 g starch ? 5 ml HCl Sample B: 10 g starch ? 10 ml HCl Sample C: 15 g starch ? 15 ml HCl
Preparation of the MDF board
The standard laboratory method was followed for the manufacturing of standard 6 mm thick MDF panels. A rotation drum blender was used for the mixing of wood fibres, NR latex and starch solution adhesive uniformly. The drum consists of steel dowels arranged in a zigzag pattern which were intended to facilitate tumbling and mixing with 18 rpm rotation speed. The NR latex and starch based resin mixture was sprayed with a spray gun on the wood fibres. Then, the resin-sprayed fibers were formed into a 200 mm 9 200 mm preformed panel which was then pre-pressed at 1.5 MPa pressure. Finally, the prepressed panel was hot-pressed at 180°C for 240 s with a target thickness of 6 mm having a density of 800 kg/m 3 . The panels prepared were used to find out the physical and mechanical properties. The experimental parameters such as fiber moisture, adhesive loading, pressing time, platen temperature is maintained the same in all experiments. Table 1 gives details of the experiment conducted.
Measurements
Mechanical properties measurements
The hardness for both UF treated and NR latex with starch samples was measured. The modulus of rupture (MOR) and internal bonding (IB), which are commonly used to evaluate MDF, for both UF treated and NR latex with starch samples, were measured according to standard testing methods ASTM D 1037. Mechanical testing of the samples was done on a Shimadzu UTM AG-X plug series and results were analyzed on Trapezium X-software. A total of 10 samples for MOR and 10 samples for IB were tested for the final result analysis. IB, a tensile strength, is tested perpendicular to the plane of the boards with a cross head speed 1 mm/min. Bending test was conducted by a three-point static bending test to determine the MOR with a cross head speed 10 mm/min. Equations (1) and (2) were used to calculate the MOR and IB, respectively.
MOR N=mm
where P is the breaking load, L is the distance between knife edges on which the sample was supported, B is the average specimen breadth, and D is the average specimen depth.
IBðN=mm 2 Þ ¼ maximum force calculated at entire area ðFÞ =surface area of the specimen ðAÞ
where F is maximum force, L and B is cross section of the specimen.
Dimensional stability tests
The thickness swelling (TS) tests were conducted in accordance with ASTM D 1037. Before testing, the weight and dimensions, i.e. length, width, and thickness of each specimen were measured. Conditioned samples of each type were soaked in water at room temperature for 24 h. Samples were removed from the water, patted dry, and then measured again. Each value obtained represented the average of sample. The values of the thickness swelling (TS) in percentages were calculated using the following equation:
where, T 1 is the initial thickness of sample and T 2 is the thickness of wetted sample.
Morphological studies
Thermogravimetric analysis
The extents of intercalation and exfoliation of NR latex with starch inclusions in the matrix system was monitored by thermo gravimetric Analysis (TGA) and fourier transform infrared spectroscopy (FTIR). Thermo gravimetric Analysis measures the amount and rate of change in the weight of a material as a function of temperature or time in a controlled atmosphere. Measurements are used primarily to determine the composition of materials and to predict their thermal stability at temperatures up to 1,000°C. The technique can characterize materials that exhibit weight loss or gain due to decomposition, oxidation, or dehydration. The standard practice for calibration of temperature scale for thermo gravimetry follows the ASTM 1582 method.
Thermal stability was investigated using non-isothermal thermogravimetry (TG, DTA) using a TA Instrument. Samples (6 ? 0.2 mg) were placed in alumina crucibles. An empty alumina crucible was used as a reference. The samples were heated from 30 to 600°C in a 20 cm 3 /min flow of nitrogen with a heating rate of 10°C/min.
Fourier transform infrared spectroscopy (FTIR)
The FTIR spectroscopy in transmittance mode was used for the characterization of the functional group of the resin. For the solid samples, KBr pellets with 1 mass % of the powdered material were produced. FTIR spectra of samples were recorded at room temperature in the wave number range of 4,000-400 cm -1 on a PerkinElmer spectrum express version 1.03.02, with 4 cm À 1 resolution.
Fourier transform infrared spectroscopy (FTIR) is an analytical technique used to identify mainly organic materials. FTIR analysis results in absorption spectra which provide information about the chemical bonds and molecular structure of a material. The FTIR spectrum is equivalent to the ''fingerprint'' of the material and can be compared with catalogued FTIR spectra to identify the material.
Results and discussion
The result of standard board, MDF board with 5 g NR latex ? 15 g Starch, 10 g NR latex ? 10 g Starch and 15 g NR latex ? 5 g Starch will be discussed. FTIR and TGA also have been done in order to study the properties of NR latex prepared from saw dust. Main mechanical testing was done which are internal bonding and modulus of rupture (MOR). And also thickness swelling average value has been calculated in order to get consistent result.
Thickness swelling test Figure 1 shows the percentage of water uptake for the composite after 24 h immersion in the water. It can be seen that thickness swelling was improved by adding the different composition of starch into natural rubber Latex.
It can be concluded that the addition of starch in natural rubber latex reduced thickness swelling of MDF significantly. It is seen in Fig. 1 that by addition of starch in natural rubber latex i.e., 15S ? 5NR thickness swelling is less than other two hybrids i.e., 5S ? 15NR and 10S ? 10NR. This is because the pure starch is insoluble in cold water. Figure 2 depicts the average internal bonding strength composite made with various compositions of NR latex and starch loadings. The bonding strength result shows that the composite containing 5 g starch with 15 g Natural rubber latex exhibited more internal bonding strength compared to other two hybrids. This could be possibly due to the better adhesion between matrix (NR latex and starch) and wood fibers, which cause tension concentration in MDF. It is seen from Fig. 2 that unlike 5 g of NR latex with 15 g of starch, internal bonding strength decreased with addition of starch as can be seen in 10 g of starch with 10 g of NR latex and 15 g of starch with 5 g of NR latex. Reduction of bonding strength with increasing of starch can be related to the increase of probability for agglomeration that creates regions of stress concentrations that require less energy to elongate the crack propagation. In general, the results of internal bonding test showed that the MDF which contains 15 g of NR latex with 5 g of starch has the highest internal bonding strength value.
Internal bonding test
Modulus of rupture test
The MOR results show that the MDF panels containing 15 g of NR latex with 5 g of starch exhibited higher MOR values as compared to others composition. This may be due to the improved adhesion between components in the MDF. It can be seen from Fig. 3 that the MOR of MDF at higher starch loading did not increase maybe because of the lowest composition of NR latex. NR latex cannot work by itself without any chemical formulation. The MOR result for sample A shows slightly different from sample B with standard error of 0.06 and 0.04. But the addition of more starch reduces strength significantly. Considering the characteristics of the composites, it can be explained that NR latex contributed the elastic property to the composites. When it was added to the composites, it tended to reduce the brittle failure of the blend (Shey et al. 2006) . It can be observed by the increasing of the flexural strength when the composites have the NR latex. However, the NR particles are smaller than the rice starch particles and could probably coagulate and cover the starch granules to generate a mechanical resistance, which slows the gelatinization of the starch granules (Kiatkamjornwong et al. 2001) . When the starch content exceeded, NR latex particles inhibited starch gelatinization and might be coagulation and could not be dispersed in the gelatinized starch in the mixing process and it had effected to the decreasing of the strength. Thus, suitable amount of NR latex is 15 g and starch 5 g by weight as seen in both cases of MOR and IB.
Thermo gravimetric analysis (TGA)
TGA results for MDF based on different ratio of NR latex and starch is shown in Fig. 4 . The thermal stability of samples was determined by using thermo gravimetric analysis. In this test, the thermal stability was studied in terms of weight loss as a function of temperature in a nitrogen atmosphere.
The char yields at different temperature are summarized in Table 2 . It can be seen from the TGA curves that MDF based on equal composition of NR latex and starch has slightly different from other samples. The first stage of decomposition may be related to the vaporisation of moisture in the composites. The second stage of decomposition maybe related to the degradation of fibers, NR latex and starch. It also can be seen that the major degradation for all samples occurred in the temperature range of 350-400°C.
From the amount of residue at low temperatures from 50 to 300°C, it can be seen that the presence of NR latex has slightly increased than the rate of sample degradation compared to others samples. There was little different between the curves of composites based on NR latex with 15 g, 10 g and 5 g NR latex due to effect can be attributed to the good dispersion in the polymer matrix. From Fig. 4 , it is obvious that the higher thermal stability of the composites based on high starch with low NR latex. By increasing the composition of starch, the thermal stability was enhancing. Thermo gravimetric analysis (TGA), in terms of weight loss and rate of decomposition reaction, indicated that the thermal stability of board was improved by the addition of 15 g starch with 5 g NR latex (sample C) is greater compared to other two composites.
Fourier transform infrared spectroscopy (FTIR) Figure 5 shows infrared spectra of starch based NR latex prepared using a typical epoxidation and chain-scission parallel epoxidation reactions. It can be seen that a FTIR spectrum of a typical spectra of starch based NR latex product based on a normal epoxidation at 50°C differed from the one obtained from a chain-scission parallel. FTIR was used to confirm the NR latex and determine the effective modification of starch in based wood adhesive. FTIR analysis showed the hydroxyl, carbonyl, aliphatic, ethers, alcohol, phenol and carboxylic groups are present on the surfaces of the raw materials. Raw of wood fiber waste consist of NR latex, starch and hydrochloric acid basically. Table 3 shows details on the spectra group detected using FTIR.
FTIR peaks observed for hybrids of NR latex with starch are shown in Table 3 . The spectrum of NR latex with starch resin shows a strong adsorption bands between at 3,672-3,421 cm -1 region. These are the characteristics adsorption bands of hydrogen bonded N-H of -NH 2 , which structured due to the methylenization reaction happen during cross-linking. In the area of 1,600-1,650 cm -1 multiple and some overlapped peaks appear in the spectrum of pure UF resin and NR latex with starch. These peaks are assigned to the C O stretching of amide I and II, as well as the -N-H scissors of amide I. The overlapped peaks at the area 1,500-1,650 cm -1 are attributed to -N-H bending vibrations of amide II. Furthermore, the strong adsorption bands around 1,509 cm -1 for these three samples and it may be due to -NH in 2 0 (amide II). The stretching vibration around 1,320-1,375 cm -1 are assigned for CH 2 /CH 2 OH/N-CH 2 -N. The medium adsorption band is around 1,162-1,163 cm -1 , and assigned to stretching vibrations of -N-CH 2 -N-group. Finally, the weak absorption bands are near 608-618 cm -1 may appear due to -CH bonding group.
Conclusion
This study investigated the effect of natural rubber latex on the physical and mechanical properties of MDF board. The mechanical properties of MDF boards were improved due to the stronger interfacial bonding between the fibers and the formulation of adhesives. Addition of starch with composition of NR latex as an adhesive has improved the internal bonding. The best result of IB is the combination of 5 g of starch and 15 g of NR latex with the value of 0.474 N/mm 2 . Meanwhile, the best result for MOR also the sample B with combination of 5 g of starch and 15 g of NR latex with the MOR is 17.036 N/mm 2 . Among the various formulations, composites containing equal amount of NR latex and starch gave the best physical and mechanical properties. From the TGA result, it was observed that the thermal stability of the composites based on high NR latex was higher than the composite with low starch. By increasing the composition of NR latex, the thermal stability has increased. TGA, in terms of weight loss and rate of decomposition reaction, indicated that the thermal stability of natural rubber has improved by the addition of modified starch. This finding proved that NR latex can be useful for wood composite industry in large-scale commercial production of MDF boards.
